W&M ScholarWorks
Reports
1-2003

Enhancement of Wetlands Management in Virginia: Cumulative
Impact Assessment Final Report
Center for Coastal Resources Management

Follow this and additional works at: https://scholarworks.wm.edu/reports
Part of the Natural Resources Management and Policy Commons

Enhancement of Wetlands Management in Virginia
Cumulative Impact Assessment
Final Report for

Project #NA170Z1142 Grant Year 2001 Task #95

Submitted to

Virginia Coastal Resources Management Program
Department of Environmental Quality

Submitted by

Center for Coastal Resources Management
Virginia Institute of Marine Science

January 2003

Enhancement of Wetlands Management
Cumulative Impact Assessment
New protocols and procedures are needed to effectively implement many aspects of the
new Virginia nontidal wetlands regulatory program. Effective implementation of the
charge to assess and consider cumulative impacts of a proposed project on water quality
and fish and wildlife resources will require a consistent and technically based assessment
protocol implemented on a watershed basis. This project is the first step in development
of the protocol for cumulative impact assessment.
The first step in the process was to review extant literature on cumulative impact
assessment in wetlands and to review methods developed for this purpose. These reviews
are an ongoing process, and will continue even after Virginia adopts a particular
approach. The goal is to ensure the Commonwealth is using an approach that meets
programmatic requirements for data collection and analysis, addresses the practical
resource limitations of the regulatory program, and remains informed by the evolving
field of wetlands assessment.
The primary product of this project, as the first phase in development of the cumulative
assessment protocol, is recommendation of a draft protocols for description of the
baseline wetland conditions. These recommendations will be under constant revision
throughout a testing and evaluation phase, scheduled to last at least two years.

Background

Center scientists have begun development of a library of literature on wetland
assessment, with a particular focus on cumulative impact assessment. This effort results
in an evolving list of pertinent literature. The current version of this literature list is
provided in Appendix A. It is particularly noteworthy, that as this project period was
ending, the U.S. Environmental Protection Agency published the series ofreports
covering methods for evaluating wetland condition. These reports cover most of the
extant information and opinion regarding biological assessment of wetlands. Efforts are
currently underway to develop regional consensus and guidance based on the national
effort. Project staff are participating in the regional effort for the mid-Atlantic (EPA
Region III).
The specific challenge in this project was to identify an appropriate approach to wetland
assessment for Virginia's program. This entailed three primary considerations:
1. the method would have to require very limited resources to implement, since the
personnel and financial resources of the new program are minimal;
2. the method would have to support a watershed based cumulative impact assessment
of permitted impacts on wetland acreage and function; and
3. the method should be designed to evolve with both technology and understanding.

Interestingly, there are not many wetland assessment methods that are specifically
designed for cumulative impact assessment at large spatial scales. Most methods are site
specific/project specific. They tend to describe how a particular site deviates from some
norm and then evaluate potential consequences for various functions. While this is useful
for individual project design and assessment, it generally does not intentionally support
evaluation of cumulative consequences at a watershed scale.
Evaluation of the cumulative significance of permitted wetland impacts requires some
underlying information about all the wetlands within the analytical unit. Few assessment
methods strive for this type of comprehensive assessment as a starting point. Without
such information, cumulative impact assessment can never move beyond a summation of
individual impacts, and achieve any indication of local or regional significance.

Recommended Assessment Method

We believe it is essential that the Virginia program work from some understanding of the
starting point in striving for no net loss of acreage or function. This implies a
methodology that has some capacity to generate the comprehensive assessment. Because
Virginia has very limited resources to undertake comprehensive assessment of its
nontidal wetland resources, we are recommending an approach that uses elements of
several extant assessment methods to develop an heirarchical approach to documenting
wetland condition in the watersheds of the Commonwealth.
Basically we are using a three level approach to wetland assessment, similar to the Penn
State Cooperative Wetlands Center method (Brooks et al. 1996). The first level
assessment is a very simple and very rapid evaluation that can be performed over many
or all wetlands. The second level assessment is also a relatively rapid assessment that
requires some field data collection, and is performed in a subset of wetlands selected
according to a statistical design. The third level assessment is a relatively detailed
analysis of individual sites, and is only undertaken on a very limited number of
"reference" wetlands.
Level 1
We have not proposed adoption of the Penn State methodology, only the basic approach.
Because of the particular circumstances of the Virginia program, we propose a basic
(level 1) assessment of all mapped wetlands using a GIS based analysis that relies solely
on remotely sensed information. This method is very simple, relying on easily observed
conditions to predict individual wetland's probable importance for performance of
selected ecological functions. The method we propose to test was developed by the
Chesapeake Bay Program's Living Resources Subcommittee Wetlands Work Group. We
have worked extensively with the GIS protocols involved in this assessment, and we have
collected (and continue to collect) a variety of data sets to facilitate the analyses possible
with this GIS analysis.

The data sets we have assembled for this effort are now loaded on the Center's GIS
laboratory computer system. The data sets currently available for this analysis are listed
in Table 1.
The brief description of the analytical approach, underlying rationale, and model
quantitation are provided in Appendix B - Chesapeake Bay Program Wetlands
Assessment: A tool for wetlands identification and planning at the watershed level.

Level 2 and 3
We have significantly modified a number of extant approaches to rapid assessment of
wetlands in order to generate the level 2 assessment we recommend for testing. This
approach maximizes the use of remotely sensed information in an effort to reduce field
effort as much as practical. Actual field data collection is very rapid, non-destructive
sampling, guided by a field data sheet that has been programmed into field computers to
facilitate speed and accuracy. We are conscious of the issues involved in gaining access
to private property for purposes of conducting field assessments. Therefore, this level
assessment is designed to minimize the access requirement, limit the data collected to
essential observations, and allow for relatively high sampling frequency across a
landscape.
The level 2 and 3 approaches have been designed with an eye to consistency with the
emerging methods for wetland condition assessment under the Clean Water Act. Our
intent is to eliminate any possible duplication of effort, and in fact, design an approach
that can ultimately serve both needs.
The details of the draft level 2 and 3 assessments are contained in Appendix C. An
example of the data sheet that underlies field computer programming is included at the
end of the method explanation. Also included in this appendix are two example figures
of the desktop/GIS analytical approach that is used in Level 2 assessments. We have
worked to develop a capacity to designate the small primary watersheds that are linked to
individual wetlands. This allows us to target those land areas and landuse practices that
are directly affecting the water quality functions of a wetland. In much the same way we
are able to evaluate potential habitat services on the basis of surrounding land use
practices at a variety of distances from selected wetlands.

Cumulative Impact Analysis
We propose to assess cumulative impacts in a very straightforward manner. Using the
hydrologic unit designations developed by the USGS and Virginia Department of
Conservation and Recreation, we propose to summarize all of the information developed
in the level 1 assessment to indicate for each watershed unit:
• The acreage of wetlands by type (basic Cowardin classification); and
• The distribution of function performance ranking by wetland type.
This will provide a beginning snapshot of all wetlands in the watershed unit. The
summary will take the form of a matrix for each wetland function (we propose to focus

on two functions: water quality modification and habitat). The matrix will show total
wetland area as distributed across types and performance rankings. Subsequently,
potential impacts to individual wetlands can be assessed in terms of either total wetlands
in the watershed, or by type and performance level. This sort of information will support
both simple ''percentage-loss" analyses, and some more complex "altered distribution"
analyses. We will be working with the Department ofEnvrionmental Quality staff to
develop and evaluate these metrics. The goal is to identify metrics that are informative to
both the regulatory decisionmakers and the regulated public. Development and testing of
these metrics will occur during the next project in this series.

TABLE 1. GIS data sets
Location of Data (1/27/03)
Location
/cci/gis/data/chesbaygen

Coverage Name
cbwtrshd83

/cci/gis/data/chesbaygen
/cci/gis/data/dlg/hyd
/cci/gis/data/dlg/hyd/newhydro

vamdbay83
hydro83
Sehydrodlg

/cci/gis/data/dlg/placnames
/cci/gis/data/dlg/roads
/cci/gis/data/epa
/cci/gis/data/esi/shoretype
/cci/gis/data/flp
/cci/gis/data/landuse
/cci/gis/data/landuse
/cci/gis/data/landuse
/cci/gis/data/landuse/giras
/cci/gis/data/landuse/nlcd
/cci/gis/data/nwi
/cci/gis/data/parks
/cci/gis/data/shlinv/rvr
/cci/gis/data/shoreline/doqshore
/cci/gis/data/shoreline/hydroepa
/cci/gis/data/shoreline/shl
/cci/gis/data/shoreline/vmrc

names83
epa_rf3
Flp
Cbplu
lc1534-97
ccapnad83
nlcd_vautm

Doqshl
shlall83
Vmrcshl

/cci/gis/data/soils

/cci/gis/data/tiger2000/statewide_covs
/cci/gis/data/tiger95
/cci/gis/data/tm i
/cci/gis/data/virginia
/cci/gis/data/virginia/geologic_prov
/cci/gis/data/virginia/toponames
/cci/gis/data/virginia/watersheds
/cci/gis/data/virginia/watersheds
/cci/gis/data/virginia/watersheds
on CD
on CD
on CD
on CD
on CD
on CD
on CD
on CD

Vacounty
Gprovare
va24ktopos
huva83
Hucall
Vawatersheds

Data Description
1:2,500,000 scale data of the USGS
Hydrologic Units of the Chesapeake Bay
Basin.
outline of Chesapeake Bay
dig hydrography
update dig hydrography for advanced-id study
area
dig names coverage
dig roads
EPA river reach coverage
shore type
flood plain data
Chesapeake Bay Program Land Use
Harry's landuse classification
ccaplanduse
giras data
nlcd data for Virginia
nwi for Virginia
federal state and cnhp parks
river reach coverages
doqq shoreline updates frequent
EPA hydrology
shoreline based upon usgs topos
1:5000 shoreline cover (1976) projected into
utm 18 meters
info on ssurgo, statsco and virgis with a few
coverages
roads; hydro; rails; census; zipcodes;
vote_districts
tiger data from 1995
TMI data
Virginia county coverage
geologic provinces of Virginia draft coverage
topo coverage for Virginia
Virginia Department of Conservation and
Recreation Hydrologic Units 1995.
USGS hydrological units
huva desolved into major watersheds.
National Land Cover Dataset
Q3 Flood Plaine Data
Tiger/Line 1992
Tiger/Line 1995
Virginia Forest Buffers
VMRC Shoreline 1:5000
VirGis soils York watershed
MRLC landuse data
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INTRODUCTION
The Chesapeake Bay Program (CBP) Wetlands Assessment Manual describes a
process for evaluating wetlands and their respective functions within a specific
watershed. This information is intended to help the audience understand the role each
wetland plays within its watershed. This protocol is a straightforward, computer-aided
assessment that is relatively quick and easy. The manual is intended for a target
audience that would be primarily interested in a useable "best professional judgement"
type of assessment that can describe wetlands in their area. Such audiences could
include any community, watershed organization or other users concerned with
environmental planning in their watershed. However, due to some limitations in the
method any user should carefully read the three basic cautionary notes described
further in this manual.
The assessment evaluates wetlands within a defined local watershed and seeks to
characterize the probable importance individual wetlands may have within the
landscape for providing each of five basic functions. The methodology is specific for
each function and seeks to integrate consideration of a wetland's ability and
opportunity to perform a function. The evaluation is primarily based on the kind of
wetland assessed and the composition of the landscape surrounding the wetland.

Background of the Assessment
Members of the Wetlands Workgroup (WWG) were asked to develop a wetlands
assessment tool that would bring CBP partners and communities together in a
voluntary, watershed-based effort to identify and characterize local wetlands. The
WWG members came from a variety of backgrounds and professional experience
dealing with wetlands including; local planners, academics, state agencies, and federal
agencies. The WWG understood that many local planners have neither the expertise
nor the time to deal with complex wetland assessment methods. The assessment was
specifically written to use basic information that is widely available, and to generate a
"best professional judgement" based upon common experience and knowledge of that
basic information.

Wetlands in the Watershed
The watershed is a useful framework for coordinating environmental management
across a landscape. A watershed consists of that land area contributing surface and
groundwater to a particular point in a waterway. As such, a watershed is a naturally
defined area, within which water flows connect landscape elements. The
consequences of any land management activities are naturally integrated in
watersheds. This makes watersheds logical units for planning, and many communities
are recognizing the importance and utility of establishing goals and organizing
management efforts on the basis of watersheds.
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One aspect of developing a watershed management plan is assessing all the natural,
social, and economic resources available to a community. Understanding how each
element contributes to the attainment of management objectives is critical. This
assessment focuses on wetland resources and the roles they can play in watersheds.
Wetlands are areas on the landscape where soils are saturated long enough and often
enough, so that the plants growing in these areas must be specifically adapted to
tolerate these conditions. The biological and chemical conditions which develop in
saturated soils, and the plant communities which can survive in saturated soils combine
to make wetlands distinctive landscape features, with potentially valuable capacities to
provide a number of important ecological functions. Among the functions which
wetlands can perform are: habitat; water quality improvement; flood protection; bank
stabilization; and sediment control.

Definitions
Habitat - physical, biological, or chemical actions and interactions within or resulting
from a wetland that support living, breeding, migratory, feeding or nesting areas for
plant, fish, or wildlife.
Water Quality - physical, biological, or chemical interactions within a wetland that may
remove nutrients, pollutants, or sediment, and reduce temperatures that degrade surface
or groundwater.
Flood Protection - reduction in hazards posed by overbank flooding due to detention
and reduction in velocity and volume of flood water by wetlands.
Bank Stabilization - reduction of the amount and risk of streambank erosion as a result
of coverage by wetland plants.
Sediment Control - retention of water-borne sediments within wetlands due to their
landscape position and vegetation.

The capacity of a wetland to perform various functions in a landscape is determined, in
part, by both its classified type and its location in a landscape. For example, a forested
wetland isolated from surface waters will differ in its habitat functions from a classified
tidal marsh along the Bay shoreline. A tidal marsh on the Bay shoreline will have a
different capacity to moderate floodwaters than a forested wetland on the floodplain of
a stream near the headwaters of the watershed. It is therefore important to know
something about both the type of wetland and where it is located, if one is to assess the
potential importance of the functions it may provide. (Further information on wetlands
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and factors which influence their capacity to perform various functions can be found in
a variety of sources such as the book by Mitsch & Gosselink, or the EPA Wetlands
website.)
Wetland type is determined by both the hydrologic regime which creates them and the
vegetative community they support. One commonly utilized classification system was
developed for the U.S. Fish and Wildlife Service and is referred to as the Cowardin
system (named for its principal author). The Cowardin system classifies wetland
hydrologic regimes as Riverine (rivers and streams), Lacustrine (lakes), Estuarine (tidal
waters), or Palustrine (all others). Vegetative communities are classified on the basis
of the dominant vegetation as Forested, Shrub/Scrub, or Emergent (e.g. grasses).
The U.S. Fish and Wildlife Service's National Wetlands Inventory (NWI) uses the
Cowardin classification system in development of maps which identify the location and
type of wetlands on the landscape. NWI maps are basically annotated U.S. Geologic
Survey topographic quadrangles which are 1 :24,000 scale maps of the United States.
NWI has mapped almost all of the Chesapeake Bay watershed, and has made these
maps available in a digital format which allows them to be used in computer based
Geographic Information Systems (GIS).
In addition to knowing where a wetland is located in a landscape, knowledge of the
surrounding landuses can also be essential to assessing the importance of a wetland
for performance of particular functions. This is often referred to as the opportunity a
wetland has to perform a function. For example, an emergent wetland next to an
agricultural area may have a greater opportunity to perform water quality improvement
functions, than an emergent wetland in the middle of a forest. Both wetlands may have
identical physical and biological composition, but the surrounding landscape affects the
opportunity a wetland has to intercept and modify water quality.
Landuse is another widely available piece of information for the Chesapeake Bay
watershed. The most commonly available information is derived from Landsat satellite
imagery. This data has been processed and made available in digital format, again
allowing it to be used in computer based GIS. Other sources of landuse information
are available, but on a less comprehensive basis. For example, many localities have
access to higher resolution information derived from aerial photography or local
mapping programs.

How this Assessment can be Used
The primary function of this assessment is to allow for consideration of wetlands in
local planning processes based upon locally identified priorities. In addition, the
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process provides the user with some experience at identifying and coordinating
information on a watershed scale.
The development of this protocol was motivated by a belief that providing even the
most basic guidance was better than no guidance at all. The risk for misinterpretation
of the protocol output is real, but can be minimized if users will remember three basic
caveats.
01. The protocol assesses a probability that a wetland will be important for
performance of a specific environmental function. It can not determine in any
way, that a specific wetland does or does not perform those functions, or have a
particular value in a landscape. The assessment is based solely on the best
professional judgement of members of the development teams, who were operating
with only the most general of information. The process is analogous to attempting
to determine which applicants to a school will excel with nothing more than
standardized test scores as guidance. It is possible to guess who may succeed, but
it is impossible to rule anyone out.
02. The protocol is based on very general information. If specific local knowledge
or information is available, it will always improve the quality of the assessment. The
protocol was developed as a rudimentary planning tool for individuals without the
resources to acquire better information or guidance.
03. The numeric ranking developed by the protocol has no significance beyond
ordering the probability assessment. Little significance should be assigned to
any of the numeric values past the decimal point. The decimal values are carried
through the protocol to facilitate ordering but do not reflect any realistic capacity to
resolve differences between wetlands.
This protocol is a planning tool. It is equivalent to the best guess of a wetland
professional who has not visited your locality, and who has only very general
information about your watershed. It is a starting point for understanding the
importance of wetlands in a watershed, and the potential benefits to be derived by
preserving those resources.
Lastly, the assessment process used only data that was available across the entire
Chesapeake Bay watershed. However, the scale of the assessment can be reduced to
smaller watersheds and a community can use their own data sets if they are available.
If a locality can not refine this procedure they may use the results from this assessment
which will be available for all 11-digit HUC watersheds in the Chesapeake Bay
watershed from the Chesapeake Bay Program Office.
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WETLANDS ASSESSMENT PROCEDURE
Overview
The assessment is made up of three steps that rate the probable importance of five
functions of a wetland to the watershed.

+
+

+

Step One: Each wetland is assigned a relative importance value for each of the
five functions based solely upon the wetland type.
Step Two: Adjust the score for each function depending on the influence the
land use surrounding the wetland would have on the probable importance those
functions have to the watershed.
Step Three: Examine other external influences in the surrounding landscape
and adjust the functions scores again according to whether the influence is
positive or negative.

The list of final function scores for each wetland demonstrates the importance the
functions from those wetlands have to the watershed based upon the wetland type and
on how the surrounding landscape impacts that wetland.

Step One: Assign Scores For Functions Based On Classified Wetland Type
The US Fish and Wildlife Service, National Wetlands Inventory has digital 1:24,000
quadrangle size maps of the entire Chesapeake Bay watershed that identify the
location of each wetland. Each wetland identified in the watershed was classified to
their type using Cowardin classification scheme. For this assessment, a simplified
version of the Cowardin scheme was used and consists of the following wetland types:

Wetland Types: Class Level
Cowardin
EEM = Estuarine Emergent
ESS = Estuarine Scrub/Shrub
EFO = Estuarine Forested
PEM = Palustrine Emergent
PSS = Palustrine Scrub/Shrub
PFO = Palustrine Forested
LEM = Lacustrine Emergent
REM = Riverine Emergent
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The five different functions assessed are providing quality habitat, improving water
quality, providing sediment control, providing flood protection, and providing
bank stabilization. The values assigned to each function range from 1, 2, or 3; where
1 indicates a low probability that the wetland is important to the watershed for that
function and 3 indicates a high probability that wetland is important to the watershed for
that function (Table 1). It is important to note that these numbers represent relative
probabilities. Therefore, from a management perspective all the wetlands should be
considered important, however those wetlands that score extremely high can be noted
to be important due to the function.
Value assignments were made by the CBP WWG. Workgroup members were asked to
provide a conservative best professional judgement about the probability that each
wetland, based upon its type, was important for the performance of each function. As
the valuation is drawn from individuals with extensive wetland experience, it effectively
includes consideration of probable structure and landscape position, without any of that
information being explicitly available.
Wetlands with a combined Cowardin classification scheme were scored according to
the predominant type in the wetland complex which is the first type listed. Nonvegetated wetlands such as wetlands with unconsolidated bottoms, aquatic beds, and
open water were scored at 0.0 and not assessed.
Table 1. The score given to each wetland type according to expected importance of a
selected function. (1=Low, 2=Medium, 3=Hic h)*
Wetland
Type

Habitat

Water
Quality

Flood
Protection

Bank
Stabilization

Sediment
Control

EEM

3

2

1

3

3

ESS

3

2

2

3

3

EFO

3

2

2

2

2

PEM

3

3

2

2

3

PSS

3

3

3

3

3

PFO

3

3

3

3

3

LEM

3

3

2

2

2

REM

3

3

1

1

2

.

. .

*Values were determined by the Chesapeake Bay Program Wetlands lrntiat1ve Workgroup .
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Model Watershed: Score Based On Wetland Type
To demonstrate the assessment we developed a model watershed (Figure 1), which is
shown below. In this model , there are two wetlands , both palustrine forested (PFO) , in
the same watershed basin located next to headwater streams.

Score
4.0
D 3.5

A

D 3.0

D 2.5

• Stream
Figure 1. Base Watershed Map

For this model we have decided to look at each wetland for the relative importance it
has to perform habitat and water quality functions for the watershed. Using the table
above we see that according to the PFO classification both wetlands would rece.ive a
score of 3.0 for the habitat and the water qual ity functions. In other words , if we just
look at the wetland type than we would say that both Wetland A and Wetland B are
important to the watershed for providing those two functions.
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Step Two: Adjust Function Scores Based On Surrounding landscape
The landscape surrounding wetlands can affect a wetland and its functions. This step
tries to determine how the assessment in step one should be modified given the
dominant land use surrounding the wetland.
The surrounding land use can decrease, have no impact, or increase the probable
importance of a wetland based upon it providing certain functions, such as improving
water quality or providing bank stabilization. Each wetlands' functions are assessed
separately according to how the different land uses would affect them (Tables 2 - 6).
The land use impact can either adjust the functional score determined in step one up or
down 0.5 points. As previously noted, the significance of adjusting the function scores
is to provide order to the probability assessment. Therefore, one can assume that a
score above 3.5 (or wetlands on the high-end of the score range), would indicate that
the wetlands may be very important to the watershed for that function.
The land use types used in the protocol are based upon existing Multi-Resolution Land
Characteristics (MRLC) classifications which were simplified into eight different
categories; low impact development (i.e. residential communities), high impact
development (i.e. industrial areas), grass, crop, forest, wetland, beach, and barren(i.e.
mines). If a wetland is surrounded by multiple land uses the GIS selects the land use
with the most dominant impact. The dominant land use is the one which has the
longest linear property immediately adjacent to the wetland.
Land Use Categories
Low Impact Development
High Impact Development
Grass
Crop
Forest
Wetlands
Beach
Barren

This step makes two assumptions about the impact that land uses have on wetlands.
First, this step assumes that the land use with the longest linear length to the wetland is
the most influential land use affecting that wetland. And second, is the assumption that
the MRLC data, which originates from Landsat imagery, is accurately represented.
This can become more of an issue with smaller wetlands. Keep in mind though that the
intent of the assessment is to provide reasonable information about wetlands and how
they may be affected by surrounding land uses. It is this type of knowledge that can be
most useful to a planner in the beginning stages of land use planning.
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Model Watershed for Step Two; Land Use Impacts
In the previous step, the two palustrine forested wetlands were found probable to be
important to the watershed for their water quality and habitat functions. In this next
step the assessment uses the MRLC data to adjust the function scores based on the
identified surrounding land use. Wetland A is surrounded by agricultural land while
Wetland 8 is surrounded by forest land. According to the rules the surrounding
agriculture and forest area will impact the habitat and water quality functions differently.
Score

II 4.0
EJ 3.5
D 3.0

D 2.5

• Agriculture

Forest • Stream

Tables Two through Six above demonstrate
how the habitat values of the various
wetland types wilt change according to the
different land uses. Refer to Figure 2,
Wetland A (surrounded by agriculture)
retains the score of 3.0 while Wetland B
receives a score of 3.5. This would indicate
that Wetland B has a higher relative
probability to be important to the watershed
for providing habitat.

F igure 2. Impact of La.nd Use on
Habitat Function Scores

Score

•
D
D
D

4.0
3.5

The situation is reversed when you look at the
relative importance of each wetland for
providing water quality functions (Figure 3) .
The pres·ence of agriculture around Wetland
A increases the water quality score to 3.5 .
Wetland B is not impacted by the surrounding
forest area so the score remains at 3.0.

3.0

2.5

• Agriculture

Forest • Stream

Figuxe 3. Lmpact of Land Use on Water
Quality Functio11 Scores
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Changing The Land Use Surrounding Wetland 8
One use of this assessment is to help provide guidance on how changes in the landuse
patterns surrounding a wetland might affect performance of wetland functions. This
example demonstrates the impact different land uses may have on the same wetland.
In the last step Wetland B is surrounded by forest land use. Step 2 above determined
that for this wetland the water quality function score would remain the same at 3.0,
while the habitat function score would increase to 3.5. What would happen to the
probable importance of this same wetland if the surrounding land use were changed?

Score
4.0
D 3.5
D 3.0
D 2.5

I~

Figure 4., is the same palustrine forested wetland
only now it is surrounded by low intensity developed
land, such as a residential neighborhood.
According to Table 2 , the potential for this wetland
to be important due to the habitat function would
decrease. The reasoning behind this decision is
based on reduced opportunity for a wide range of
biota to utilize the wetland.

D Low Intensity

Developed
Figure 4. Impact of Cllanged
Land Use on Habitat
Functions

Score
Conversely , the importance of the wetland for its water
Conversely, the importance of the wetland for its water
quality functions increases (Figure 5). Table 3 above
increases the score to get a very high probability that
the wetland will be important for the water quality
function it provides. One reason for this decision is
this wetland would have increased opportunity to
provide water quality functions due to increased runoff.

Iii 4.0
D 3.5
D 3.0
D 2.5

I~

D Low Intensity

Developed
Figure 5. Impact of Changed
Land se on Water Quality
Functions
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Table 2. Probability that performance of a habitat function by a given type of wetlands
adjacent to a given type of land use is particularly important. (Range: 3.5= High to
0.5=Low)*
Wetland

lo dev

hidev

grass

crop

forest

wetland

beach

barren

EEM

2.5

2.5

3

3

3.5

3.5

3

3

ESS

2.5

2.5

3

3

3.5

3.5

3

3

EFO

2.5

2.5

3

3

3.5

3.5

3

3

PEM

2.5

2.5

3

3

3.5

3.5

3

3

PSS

2.5

2.5

3

3

3.5

3.5

3

3

PFO

2.5

2.5

3

3

3.5

3.5

3

3

LEM

2.5

2.5

3

3

3.5

3.5

3

3

2.5
REM
2.5
2.5
3.5
3.5
3
3
*Values were determined by the Chesapeake Bay Program Wetlands Initiative WTWG.

3

Table 3. Probability that performance of a water quality function by a given type of
wetlands adjacent to a given type of land use is particularly important. (Range: 3.5= High
to 0.5=Low)*
Wetland

lodev

hidev

grass

crop

forest

wetland

beach

barren

EEM

2.5

2.5

2.5

2.5

2

2

2

2.5

ESS

2.5

2.5

2.5

2.5

2

2

2

2.5

EFO

2.5

2.5

2.5

2.5

2

2

2

2.5

PEM

3.5

3.5

3.5

3.5

3

3

3

3.5

PSS

3.5

3.5

3.5

3.5

3

3

3

3.5

PFO

3.5

3.5

3.5

3.5

3

3

3

3.5

LEM

3.5

3.5

3.5

3.5

3

3

3

3.5

REM
3.5
3.5
3.5
3.5
3
3
3
*Values were determined by the Chesapeake Bay Program Wetlands Initiative WTWG.

3.5
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Table 4. Probability that performance of a flood protection function by a given type of
wetlands adjacent to a given type of land use is particularly important. (Range: 3.5= High
to 0.5=Lowt
Wetland

lodev

hidev

grass

crop

forest

wetland

beach

barren

EEM

1.5

1.5

1

1

1

1

1

1

ESS

2.5

2.5

2

2

2

2

2

2

EFO

2.5

2.5

2

2

2

2

2

2

PEM

2.5

2.5

2

2

2

2

2

2

PSS

3.5

3.5

3

3

3

3

3

3

PFO

3.5

3.5

3

3

3

3

3

3

LEM

2.5

2.5

2

2

2

2

2

2

REM
1.5
1
1
1.5
1
1
1
*Values were determined by the Chesapeake Bay Program Wetlands Initiative WTWG.

1

Table 5. Probability that performance of a bank stabilization function by a given type of
wetlands adjacent to a given type of land use is particularly important. (Range: 3.5= High
to 0.5=Lowt
Wetland

lodev

hidev

grass

crop

forest

wetland

beach

barren

EEM

3.5

3.5

3

3.5

3

3

3

3.5

ESS

3.5

3.5

3

3.5

3

3

3

3.5

EFO

2.5

2.5

2

2.5

2

2

2

2.5

PEM

2.5

2.5

2

2.5

2

2

2

2.5

PSS

3.5

3.5

3

3.5

3

3

3

3.5

PFO

3.5

3.5

3

3.5

3

3

3

3.5

LEM

2.5

2.5

2

2.5

2

2

2

2.5

REM

1.5

1.5

1

1.5

1

1

1

1.5

*Values were determined by the Chesapeake Bay Program Wetlands Initiative WTWG.
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Table 6. Probability that performance of a sediment control function by a given type of
wetlands adjacent to a given type of land use is particularly important. (Range: 3.5= High
to 0.5=Lowt
Wetland

lodev

hidev

grass

crop

forest

wetland

beach

barren

EEM

3.5

3.5

3.5

3.5

3

3

3

3.5

ESS

3.5

3.5

3.5

3.5

3

3

3

3.5

EFO

2.5

2.5

2.5

2.5

2

2

2

2.5

PEM

3.5

3.5

3.5

3.5

3

3

3

3.5

PSS

3.5

3.5

3.5

3.5

3

3

3

3.5

PFO

3.5

3.5

3.5

3.5

3

3

3

3.5

LEM

2.5

2.5

2.5

2.5

2

2

2

2.5

REM
2.5
2.5
2.5
2.5
2
2
2
*Values were determined by the Chesapeake Bay Program Wetlands Initiative WTWG.

2.5
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Step Three: Further Adjust Function Scores Based On Other External
Influences
Beyond surrounding land use, there are other influences in the surrounding landscape,
labeled "external influences", that can affect the importance of wetlands for the
functions they provide to the watershed. The rules for the protocol increase or
decrease the probability score by 0.5 points depending on the type of external
influence. The rationale for these rules is based upon the best professional judgement
and experience of the design team.
Wetlands falling within a predetermined distance of the selected external influences
were evaluated and their scores adjusted according to rules in Table 7.
Table 7. lmeact of external influences on an~ vesetated wetland.
External Influences
Intersection of wetland with 1 km
buffered aquatic reef points

Habitat

Water
Quality

+0.5

+0.5

Flood
Protection

Bank
Stabilization

Sediment
Control

----------------------------------Intersection of wetland with 1 km
buffered oyster reef points

+0.5

----------------------------------Intersection of wetland with 1 km
long and 1/2 km wide hydrology
coverage plume. Plume established
when road intersects with stream.

-0.5

----------------------------------Intersection of wetland with 0.5 km
buffered headwater stream.

+0.5

+0.5

+0.5

+0.5

----------------------------------Intersection of wetland with 1 km
buffered roads

-0.5

----------------------------------Intersection of wetland with riparian
buffer coverage*

----------------------------------Intersection of wetland with 1 km
buffered SAV points

+0.5

+0.5

+0.5

----------------------------------Wetland occurs in soils with high
erosion capacity. (Not available
with NWI and MRLC data.)

+0.5

----------------------------------Palustrine wetland greater than 10
hectares in size

+0.5
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Model Watershed for Step Three; External Influences
Example A - Headwater Streams
Recall that both palustrine forested wetlands lie
adjacent to headwater streams. In Table 7 above
the probable importance of the wetland for providing
water quality function is increased if the wetland lies
within 500 meters of a headwater stream. Going
back to Step 2 both scores would increase by 0.5
points (Figure 6). Both wetlands can now be
characterized as being extremely likely to be
important for providing water quality functions.

Score
• 4.0

3.5
D 3.0
D 2 ·5

• Agriculture Forest • Stream
_ 500 m from Headwater Stream
Figure 6. [mpact of Headwater
Streams on Water Quality

Fm1ctions

Score
4.0

D 3.5
D 3.0
D 2.5

• Agriculture Forest • Stream
500 m from Headwater Stream
== Road
Figure 7. Impact of Intersecting

Road on Habitat Fu-nctions

Example B - Intersecting Road
Another common example of an external
influence that could affect the importance of
a wetland are intersecting roads. Wetlands
that lie near streams are impacted by the
water quality of that stream. Therefore, any
wetland that lies within a designated
coverage downstream of where a road
intersects a stream could be impacted. The
GIS examines an area that continues for 1
km downstream and is 0.5 km in width of
where a road intersects a stream . Any
wetland that intersects this area has a
decreased probability of being important to
the watershed for their habitat function by 0.5
points. As demonstrated in Figure 7, the
intersecting road has a negative impact on
previously important wetland functions.
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The Final Product
This assessment is very conservative compared to some other wetlands assessment
due to the limited scoring capabilities. A difference in score from 2.0 to 4.0 does not
indicate a very drastic change in the importance of wetlands. The score difference in
the assessment does allow the user to compare wetlands and their importance to the
watershed according to individual functions. It does not allow the user to discount a
wetland as unimportant to the watershed. A practical use of this assessment would be
to identify those wetlands that fall out in the very top as being important for providing a
certain function.
The final product consists of five maps, one for each function. All wetlands that are
important for each function are highlighted while all other wetlands are indicated as
important for providing other functions. In no way can these five maps or functions
scores be combined or averaged. Going back to the example above, the map for the
water quality function would indicate that both of those wetlands are important while the
map for the habitat function would label those two wetlands as important for providing
other functions. If we had examined the other three functions those maps would be
similar as well. Those wetlands, which fall out in the very top category, would be
labeled as important to the watershed because they provide that function while all other
wetlands would be labeled as important due to other functions. While it may be
tempting to do combine the function scores there is no scientific validity to combine
them under this method.
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Appendix C
DRAFT Level II and Level III Assessment method

DRAFT
Introduction
The condition of aquatic systems (surface waters and wetlands) is highest when there are
few or no stressors degrading the hydrodynamic, chemical, or floral components of the
system. In the absence of stressors, habitat and water quality functions will occur at the
highest possible levels for any given geomorphic setting. However, within any particular
geomorphic setting, the observable characteristics of a system may exhibit a high degree
of variability in response to the geomorphology, climate, hydrodynamics, and
surrounding land-use practices. For this reason, structural parameters may not be
particularly well correlated with system condition except under conditions of relatively
severe stress. The variable relationship compromises development of a metric for
indexing condition, particularly in systems under little to moderate stress. For this reason,
we have crafted an assessment protocol that focuses on identification of potential aquatic
system stressors and restricts structural observations to only a few parameters.
We assume that a healthy aquatic ecosystem (stream and associated wetlands) will have:
1. Hydrology unaffected by surrounding land-uses.
2. No chemical contamination/nutrification.
3. Spatial buffering from most human activities
4. No sedimentation or erosion present
5. A vegetative community with multiple strata not dominated by non-native species

Level II Wetland Assessment
General Approach
A representative number of sample points are randomly selected for each physiographic
region and/or watershed within the Commonwealth of Virginia based on a statistically
robust methodology such as the Environmental Protection Agency's E-map protocol.
On-site evaluation of identified stressors that effect either the habitat value or water
quality function of wetlands will be conducted based upon the proximity of the stressor to
the sample point: immediately adjacent stressors located within 30m radius and nearby
stressors located within 1OOm radius of the sample point. This approach allows for
differential weighting of the various stressors based on their presumed deleterious effect
and proximity to the wetland. The 30m distance threshold was selected based on the 30m
pixel width obtained from LandSat data which allows possible future correlation with
remotely sensed data.

On-Site Data Collection Methodology
Hydrologic Modification
Because they can affect a shift in on-site representative plant community assemblages
along with the water quality and habitat role associated with each, stressors that modify

~ither the frequency and/or duration of wetland hydroperiod are identified and quantified
m the field. These stressors are considered to primarily alter wildlife habitat function but
can also modify water quality. Hydrologic alteration includes stressors such as
stormwater and point-source inputs, impoundment, filling, ditches, excavation and
draining. Also quantified in this section are existing roads/railways that typically alter
surface flows and can also serve as impediments to wildlife movement along corridors.
Toxicity/Acidification/N utrification
Point source discharges, adjacent agricultural lands, acid mine drainage and visible
indications of non-point source pollution/nutrification are identified and quantified in the
field. Typically, these stressors are identified based on the presence or absence of
observable point-source discharges, vegetative anomalies or plant stress due to toxins or
over enrichment. These stressors are thought to primarily affect water quality but can
also directly or indirectly modify habitat function.
Spatial Buffering from Human Activity
Anthropogenic activities can exert tremendous pressures on an adjacent landscape. The
impact of these activities on an aquatic ecosystem is often correlated with their proximity
to the subject system. Landcover is characterized for each sample point and adjacent area
within the sample plots. Landcover identified other than forest, shrub/scrub, or wetlands
is considered to adversely affect the habitat value and health of the aquatic system.
Sedimentation and Channel Alteration
Along with altering the physical characteristics of a wetland, excessive sediment loads
can adversely affect water quality functions such as flood storage capacity and nutrient
removal by plants. Immediate and potential sediment impacts within each site resulting
from land-use activities such as active construction, cultivation of agricultural land and
timber harvesting are identified for each site in the field. In addition, channel erosion
and/or alteration are assessed for potential impacts to water quality and aquatic habitat
function.
Vegetation Alteration
The role of vegetative communities in providing wildlife habitat along with nutrient
removal and filtration of suspended sediments in surface waters is well known. Because
of important role vegetation plays in habitat and water quality functions, sample sites are
assessed for any visible alterations to the native plant community within the 30 and I OOm
radius plots. Alterations to vegetation include excessive herbivory or domesticated
animal grazing, mowing, brush cutting, recent timber harvesting (within 5 yrs.), utility
easement maintenance, herbicide application and aquatic weed control. In addition,
because of it's negative impact on species diversity and habitat value, exotic and invasive
species are identified when comprising greater than 20 percent of any vegetative stratum.
On-Site Field Verification of Aerial Photo

Within any defmed watershed, surrounding land-use practices and land-cover have a
tremendous affect on the potential of a wetland to perform important habitat and water

quality functions. In order to accurately characterize the existing surrounding landscape
of each site, a field survey of the surrounding land-use will be conducted to identify
significant changes in land-use/land-cover from the most recent, commercially available
aerial photography (Digital Ortho Quarter Quads). The cursory survey of surrounding
landuse will be conducted within two distance ranges: within 200m of site and within 1
km of site.
In addition, a Geographic Information System (GIS) analysis of various landscape
parameters will be conducted using available data sources. Analysis will include the
percent of various land-use types, fragmentation index, distance to roads, density of
residential units, distance to nearest wetland and distance to nearest forest. The upstream
2
watershed (1 km ) will be characterized regarding its composition of developed lands,
agricultural lands, and impervious surface area. Upstream watersheds with more than
10% developed lands, more than 5% impervious surface, and more than 30% agricultural
lands will be considered unfavorable to habitat quality and aquatic health.

Data Analysis
Preliminary data analysis will consist of a comparison among sites of the cumulative
number of stressors identified using the Level II assessment protocol. Potential
weighting of stressors will be evaluated and refined as individual stressors and conceptual
models are validated through data collected during the Level III assessment.

Water Quality Measurements -"VIMS internal use only. On-site data collection of
water quality parameters is for the validation of selected stressors as indicators of aquatic
health. Parameters to be further developed in future Level III assessment effort.

Level III Wetland Assessment
The Level III assessment will be conducted to validate the stressor relationships to
aquatic health. Sites will be selected that span the disturbance gradient from highly
disturbed due to multiple stressors to minimally altered and relatively pristine. Rigorous,
intensive field sampling will be conducted to demonstrate the effects of various
disturbance levels on the health of the system.
Amphibian and avian populations will be sampled to validate the stressor model.
Amphibians have been shown to be adversely affected by road type (deMaynadier and
Hunter 1995), traffic and road density (Fahrig 1995; Findlay and Houlahan 1997; Vos
and Chardon 1998; Lehtinen et al. 1999), and distance to nearest road (Lehtinen et al
1999). Hydrological cycle modification can affect amphibian populations through
alteration of ponding depths and times (Pechmann et al. 1989,2001 ). Vegetation
alteration can impact amphibian populations through mowing and herbicide use (Yahner
et al. 2001). Chemical use such as mosquito control spraying and nearby residential use
impacts through aerial influx can also adversely impact amphibians (Sparling et al. 2000).
In addition, the nature of surrounding land use (Tischendorf and Fahrig 2000), distance to
nearby wetlands (Semlitsch and Bodie 1998; Marsh and Trenhom 2001 ), and amount of

impervious sur:fuce within 200m, 500m and 1km (Lehtinen et al 1999) can potential
affect the health of the system.
Avian populations have been shown to be adversely affected by the presence of roads
(Trombulak: and Frissel 1999; Findlay and Bourdages 1999), the fragmentation of the
landscape (Temple and Cary 1988; Croonquist and Brooks 1991; Friesen et al. 1999;
Keyser et al. 1998), and loss of wetland connectivity (Haig et al. 1997). In addition,
proximity to residential areas has been shown to adversely impact avian populations
through predation by domesticated animals (Mitchell and Beck 1992; Haspel and
Calhoon 1993; Friesen et al. 1995).
Surrounding land use can affect the nitrogen and phosphate levels within adjacent
wetlands. Reference sites will be installed with porewater sippers in triplicate along the
upland borders of wetlands to determine the groundwater concentrations of inorganic
nitrogen species (ammonium, nitrite+nitrate) and phosphate discharging to wetlands from
the upland borders. Depth-integrated water samples will be collected near the beginning
and at the peak of the growing season and analyzed using standard methods (Chambers et
al. 2002).
Reference sites will be intensively studied to determine stressor impacts on both the
amphibian and avian community. Amphibians and birds will be surveyed seasonally
using standard research protocols. Plant communities will be characterized using standard
methods and all stressors identified. Existing hydrogeomorphic (HGM) reference sites
will be utilized where possible. The data will be analyzed to determine population
diversity and density. Water quality data will be analyzed seasonally. Multivariable
analysis will be used to compare avian and amphibian population dynamics and
concentrations of dissolved nitrogen and phosphate species among wetlands with
different stressor levels.
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Wetland Stressors and Water Quality Data Sheet
Dominant Riparian Area

Site Name
Evaluation Oat

IN7n-wettand

Hydrologic Modification
No Hydrologic Modification (within 30m)
Ditch/Drain (within 30m)

>30 to 1OOm

>30 to 100m

Dike/Wier/Dam excluding beavers (within 30m)

>30 to 100m

>30 to 100m

Excavation Dredging (within 30m)
Filling or Grading (within 30m)

>30 to 100m

Stormwater Inputs/Culvert/Ditch (within 30m)
Other Point Source Inputs (within 30m)

>30 to 100m
>30 to 100m

Transportation/Road Bed (within 30m)
Road T
within 30m)
>=4 Lane Hwy
Lane Hwy
Gravel Road
Dirt Road
Railroad
'

>30 to 100m

Road Type (30-100m):
>=4 Lane

Hwy

I

Natural Pine Forest
lanted Pine Forest
ardwood Forest
Mixed Hardwood/Pine Forest
Mixed Pine/Hardwood Forest
Shrub-Scrub
Herbaceous
Unvegetated
griculture/Pasture
griculture/Cropland
Light Industrial
Heavy Industrial
Rural - Low Density
Urban - High Density

Water Quality Measurements
Nitrate

Dissolved Oxygen

Phosphate

pH:

Ammonia:

Conductivity

Turbidity

Temperature:

Comments

SedimentationfChannel Alteratio
No Sedimentation (within 30m)

>30 to100m

Sediment Deposits/Plumes (within 30m)

2 Lane Hwy
Gravel Road
Dirt Road
Railroad

I

Dominant Community Type

Active Construction (within 30 m)

>30 to 100m

>30 to 100 m

Eroding Banks/Slopes (within 30m)

>30 to 100m

Active Crop Cultivation (within 30 m)

Toxicity/Acidification/Nutrification
No Toxic Activity (within 30m

Active Timber Harvesting (within 30 m)
>30 to 100m
>30to 100m

Potential Non-Point Discharge of
ToxicsfNutrients (within 30m)(service roads, ag

>30 to 100m

Floristic Indication of Over Enrichment or Toxics
within 30m (chlorosis, algal mats, wilting)

>30 to 100m

Vegetation Alteration
No Vegetation Alteration (within 30m

>30 to 100m

>30 to 100m

Adjacent Power Lines (within 30m)

>30 to 100m

Potential Herbicide Application (within 30m)

>30 to 100m

Livestock Accessible

Point Source Discharge of
Toxics/Nutrients (within 30m)

Brush Cutting (within 30m

>30 to 100 m

Field Verification of Aerial Photo
No new activity within 200
Obvious new activity within 200

No new activity within 1 k
Obvious new activity within 1 k

Area (sq. m)

Area (sq. ha)

Industrial:

Industrial

Urban • High Density:

Urban - High Density

Rural - Low Density:

Rural - Low Density

Agricultural.Pasture:
Agricultural.Cropland:
Impervious Surface:

Agricultural-Pasture
Agricultural-Cropland 1
Impervious Surface

>30 to 100m
Non Nativeflnvasive Plants at > 20% of any strata (within 30

Mowing (within 30m)

>30 to 100m

Potential Aquatic Weed Control (within 30m)
Excessive Herbivory/Grazing (within 30m

Non Native/Invasive Species (within 30m
>30 to 100m
>30 to 100m

Recent (within 5 years)Timber Harvesting (within 30m)

>30 to 100m

Non Native/Invasive Plants at> 20% of any strata (30-100m
Non Native/Invasive Species (30-100m)

landuse
Bare Roci</Sa.nd/Clay
. •
CommerclalllndustrialfTraAspertalion
Deciduous F()(est
Emergent Herbaooous Wei/ands
evergreen Forest • . .
High fntensity R~1den~aJ
Low, Intensity R0S1dent1al
Mixed Forest
OpenW.ater
pasture/Hay
. .
Quarries/Strip Mines/Gravel Pits
Row Crops
~ Transitional
.
Urban/Recrea1fcmal Grasses
WoodyWeUan(fs

